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ENHANCED CONDUCTORS the relevant teachings . In order to avoid unnecessarily 
obscuring aspects of the present teachings , those methods , 

BACKGROUND procedures , components , and / or circuitry that are well 
known to one of ordinary skill in the art have been described 

A position sensor is a device that can detect the presence 5 at a relatively high - level . 
and location of a touch , by a user ' s finger or by an object , In the illustrated examples , enhanced conductors are 
such as a stylus , for example , within a display area of the provided for a touch position sensor . Applications to other 
position sensor overlaid on a display screen . In a touch conductors are discussed later . sensitive display application , the position sensor enables a Reference now is made in detail to the examples illus user to interact directly with what is displayed on the screen , 10 trated in the accompanying figures and discussed below . rather than indirectly with a mouse or touchpad . Position FIG . 1 illustrates a side view of a touch sensitive screen . The sensors can be attached to or provided as part of computers , 
personal digital assistants ( PDA ) , satellite navigation touch sensitive screen of FIG . 1 is made up of a transparent 
devices , mobile telephones , portable media players , portable panel 10 , a first adhesive layer 20 , a light transmissive 
game consoles , public information kiosks , and point of sale conductive electrode layer 30 , a first insulating substrate 40 , con 
systems etc . Position sensors have also been used as control 15 a second adhesive layer 50 , a second light transmissive 
panels on various appliances . conductive electrode layer 60 , and a second insulating 

There are a number of different types of position sensors / substrate 70 . 
touch screens , such as resistive touch screens , surface acous The first conductive electrode layer 30 includes a plurality 
tic wave touch screens , capacitive touch screens etc . A of first electrodes and the second conductive electrode layer 
capacitive touch screen , for example , may include an insu - 20 60 includes a plurality of second electrodes . A plurality of 
lator , coated with a transparent conductor in a particular nodes are formed at the intersections of the first electrodes 
pattern . When an object , such as a user ' s finger or a stylus , and the second electrodes . The first and second electrodes 
touches or is provided in close proximity to the surface of can be configured to form any particular pattern as desired . 
the screen there is a change in capacitance . This change in In FIG . 1 , the second electrodes are arranged perpendicular 
capacitance is sent to a controller for processing to deter - 25 to the to deter - 25 to the first electrodes such that only the side of one of the 
mine the position of the touch on the screen . second electrodes is visible in the side view . 

In recent years , touch sensitive position sensors have used In one example , the transparent panel 10 is made of a 
PEDOT ( Poly ( 3 , 4 - ethylenedioxythiophene ) ) which is a con resilient , transparent material suitable for repeated touching . 
ducting polymer . Examples of the transparent material include glass , Poly 

30 carbonate or PMMA ( poly ( methyl methacrylate ) ) . In one 
SUMMARY example , the first and second adhesive layers 20 , 50 are 

made of any optically clear adhesive suitable for use in a 
The following disclosure describes examples of electrode touch panel . In one example , the first and second substrates 

structures and methods of manufacture thereof that may 40 , 70 are transparent materials , such as PET ( polyethylene 
provide one or more advantages relating to enhanced con - 35 terephthalate ) , Polycarbonate , or glass . 
ductivity , for example , while providing optically clear con In one example , the first and second conductive electrodes 
ductors . 30 , 60 are made of PEDOT . In another example , the first and 

second conductive electrodes 30 , 60 are made of an indium 
BRIEF DESCRIPTION OF THE DRAWINGS tin oxide ( ITO ) . For at least some applications , such as 

40 position sensors having a large sensing area , which may 
The drawing figures depict one or more implementations require long electrodes , it may be useful to increase the 

in accordance with the present teachings , by way of example conductivity of PEDOT or ITO . However , many techniques 
only , not by way of limitation . In the figures , like reference to increase conductivity of the transparent electrode material 
numerals refer to the same or similar elements . reduce the transparency of the material . 

FIG . 1 illustrates schematically a side view of a touch 45 In an application with a display , the touch screen of FIG . 
sensitive screen ; 1 would be mounted over the exterior of the display device , 

FIG . 2 illustrates schematically one example of enhanced for example , with the substrate 70 adjacent to the display 
conductors for a touch sensitive screen ; device ( not shown ) . The display may be of any type known 

FIG . 3 illustrates schematically a magnified area of the to the skilled person , such as a liquid crystal ( for example , 
enhanced conductors of FIG . 2 ; 50 active matrix liquid crystal ) , electroluminescent , electropho 

FIG . 4 illustrates schematically another example of retic ( e - ink ) , plasma , or cathode - ray display . By way of 
enhanced conductors for a touch sensitive screen ; example , in the illustrated orientation , the substrate 70 

FIG . 5 illustrates schematically a magnified area of the would be on top of the output surface of the display device . 
enhanced conductors of FIG . 4 ; It will be appreciated that light emitted from the display 

FIG . 6 illustrates schematically another example of 55 must be able to pass through the position sensing panel in 
enhanced conductors for a touch sensitive screen ; order to be visible to a user . Therefore , elements of the layer 

FIG . 7 illustrates schematically another example of stack in aggregate are substantially transparent . Light pro 
enhanced conductors for a touch sensitive screen ; duced or reflected from the display device , representing 

FIG . 8 illustrates a flow chart depicting an example of a displayed information , passes through the elements of the 
process for producing the enhanced conductors ; and 60 layer stack ( upward in the exemplary orientation ) for obser 

FIG . 9 illustrates another flow chart depicting an example vation of the information by a user . The user may touch the 
of a process for producing the enhanced conductors . panel 10 , as shown at 80 , to provide input such as to select 

from the information shown on the display . To make this 
DETAILED DESCRIPTION possible , the first and second conductive electrodes 30 , 60 

65 are made from an optically clear conductive material so as 
In the following detailed description , numerous specific to appear transparent to the user during operation of the 

details are set forth by way of examples in order to illustrate device , e . g . during operation of a touch sensitive display . 
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le 

In order to produce an enhanced conductor suitable for adjacent electrodes is at least as large as the length of the 
use as the first and second conductive electrodes 30 , 60 , CMSTs 110 . Alternatively or additionally , the process of 
conductive micro scale traces are deposited onto a substrate , depositing the electrodes may entail registration of the 
such as substrates 40 , 70 . A layer of an optically clear electrodes with the CMSTs so as to avoid any creation of 
conductive material , such as PEDOT or ITO , is then pro - 5 short circuits between electrodes . 
vided over the conductive micro scale traces ( CMSTS ) . The The CMSTs 110 may have substantially the same length 
conductive material has good optical performance . The and / or width . Alternatively , the CMSTs 110 may have dif 
CMSTs are of a substance , e . g . a metal , that is more fering lengths and / or widths . 
conductive than the conductive material . For example , the In a panel 10 that is intended to be transparent , for conductive CMSTs may be formed of highly conductive 10 example , no more than 10 % , or no more than 5 % , of the metal , such as silver , gold , copper , etc . substrate area is covered by the CMSTs 110 such that most FIG . 2 illustrates one example of enhanced conductors for 
a touch sensitive screen . FIG . 3 illustrates schematically a of the light emitted from a display or other light source 
magnification of area 100 of the enhanced conductors of underlying the position sensing panel may pass through the 
FIG . 2 . As illustrated in FIGS . 2 and 3 , CMSTs 110 are 15 panel 
provided over the entire area of the substrate . For a given In the examples , the CMSTs 110 are aligned in the 
conductor , a material contacts a number of the CMSTs . In direction of the electrodes shapes to further enhance con 
this example , the material is printed on top of the CMSTS ductivity of the electrodes . 
110 in the electrode pattern XO X1 . YO . Y1 . Examples are The CMSTs 110 of FIGS . 2 and 3 are formed into a zigzag 
also discussed in which the CMSTs are printed on the 20 shape . Zigzag shapes provide a degree of optical moiré 
conductive material . As stated above , the first and second suppression with respect to the pixels of the underlying 
electrodes can be configured to form any particular pattern display , while their effectively greater lateral widths provide 
as desired . In FIGS . 2 and 3 , the first and second electrodes for enhanced conductivity over straight line segments . FIGS . 
are printed on the same substrate . However , the X and Y 4 and 5 illustrate another example , of enhanced conductors 
electrodes may be printed on separate substrates as in the 25 for a touch sensitive screen . In FIGS . 4 and 5 the CMSTs 110 
example of FIG . 1 are straight lines . Straight lines potentially allow for nar 

The CMSTs 110 enhance the conductivity of the conduc rower gaps between electrodes over zigzag lines , which in 
tive material by providing highly conductive paths which turn may be of benefit in decreasing electrical noise pen short circuit the conductive material locally on a micro scale etration while decreasing the visibility of the electrode ( 10 ' s of microns ) . The CMSTs 110 increase the conductivity 30 s outlines . of the electrodes by creating a shorting path within each Printing the CMSTs 110 over the entire area of the electrode . Increased conductivity may be particularly ben substrate avoids any need for alignment between the CMSTS eficial in large area position sensing panels that have long 110 and the conductive material when printing the conduc electrodes . Increased conductivity , for example , may offer 
one or more of the following advantages : to improve 35 tive material . This provides simpler processing and 
response time by providing for shorter RC time constants increased yields . 
and thus offer faster settling times , or to enhance blocking of In another example , the CMSTs 110 are only provided on 
electrical noise from the underlying display to improve the substrate in the areas which are going to be printed with 
signal to noise ratio , etc . the conductive material , as illustrated in FIGS . 6 and 7 . 

The CMSTs 110 are distributed on the substrate in a 40 Currently , printing techniques have alignment errors of 
predetermined pattern , such that the CMSTs 110 do not between 50 to 100 um . Therefore , it increases costs to print 
touch one another . In addition , the CMSTs 110 have a size the CMSTs 110 only in the areas which are going to be 
such that a CMST 110 does not span between two electrodes printed with the conductive material . However , as printing 
across the gap shown in FIG . 3 . By their design size and accuracy increases the cost will decrease . With this 
geometry , the CMSTs 110 are intended to be invisible or 45 approach , it may be possible to decrease the gaps between 
virtually invisible to the human eye during device operation . electrodes without creating short circuits between them , 

The CMSTs 110 may have a line width of no more than which allows for an increase in electrode surface area 
15 microns . In a specific example , the CMSTs 110 have a thereby decreasing the visibility of the gaps to the user , as 
line width of no more than 10 microns . In another example , both ITO and PEDOT materials for instance have some 
the CMSTs 110 have a line width of between approximately 50 residual visibility which can be principally observed as a 
5 to 15 um . contrast between printed and unprinted areas . 

The CMSTs 110 may have length of no more than 100 The CMSTs 110 increase the conductivity of the conduc 
microns . In a specific example , the CMSTs 110 have a length tive material . Therefore , the conductive material can be 
of no more than 50 microns . In another example , the CMSTs selected based on optimum optical characteristics without a 
110 have a length between approximately 20 to 100 um . 55 reduction in electrode conductivity . 

The exemplary touch screen electrodes are electrically FIG . 8 illustrates a process for producing the conductive 
isolated from each other . Hence , in the examples , the electrodes . At step 300 the process begins . At step 310 the 
CMSTs 110 have length capable of providing a shorting path CMSTs are printed onto a substrate . In one example , the 
within each electrode area , but not so long as to create a CMSTs are provided across the entire area of the substrate . 
shorting path between electrodes , so that the CMSTs 110 do 60 In another example , the CMSTs are provided in a predeter 
not short circuit across adjacent electrodes formed by the mined pattern . At step 320 the conductive material is printed 
patterned conductive material . For example , the CMSTs 110 onto the substrate and the CMSTs . In one example , the 
have length that is less than the gap between the YO and Y1 conductive material is provided in a predetermined pattern 
electrodes as shown in FIG . 3 , and less than the gap between forming the electrodes . At step 330 the process ends . 
the YO and X0 electrodes ( FIG . 4 ) etc . 65 In FIG . 9 , steps 310 and 320 are reversed . In this example , 

In the examples , in order to avoid the CMSTs 110 creating the conductive material is printed onto the substrate at step 
a short circuit path between two electrodes , the gap between 410 in the desired electrode pattern . Then the CMSTs are 
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printed onto the conductive material at step 420 . In one 8 . The touch sensitive screen of claim 6 , wherein the 
example , the CMSTs are printed onto the conductive mate - conductive polymer comprises indium tin oxide ( ITO ) . 
rial and the substrate . 9 . The touch sensitive screen of claim 1 , wherein the 

The process of FIGS . 8 and 9 may be performed using conductive micro scale traces comprise one or more of the 
known printing techniques . Further assembly steps ( not 5 following : 
shown ) may include laminating the material layers to each silver ; 
other and to an overlying panel using a clear adhesive , gold ; 
connecting a connection ' tail ' , testing , and so on . and copper . 

Although the enhanced conductors are described above 10 . The touch sensitive screen of claim 1 , wherein the 
with reference to touch sensitive screens , the process of 10 conductive micro scale traces are substantially invisible to 
FIGS . 8 and 9 can be applied to all manner of printed the human eye . 
conductors which need conductivity enhancement , whether 11 . The touch sensitive screen of claim 1 , wherein the 
clear , translucent , or opaque . For example , the electrode conductive micro scale traces have a width of no more than 
pattern may be used as a field emission layer for a touch 15 um . 
screen or an EL lamp . 15 12 . The touch sensitive screen of claim 11 , wherein the 

Various modifications may be made to the examples and conductive micro scale traces have a line width of at least 5 
embodiments described in the foregoing , and any related um . 
teachings may be applied in numerous applications , only 13 . The touch sensitive screen of claim 1 , wherein the 
some of which have been described herein . It is intended by conductive micro scale traces have a length of no more than 
the following claims to claim any and all applications , 20 100 um . 
modifications and variations that fall within the true scope of 14 . The touch sensitive screen of claim 13 , wherein the 
the present teachings . conductive micro scale traces have a length of at least 20 um . 

The invention claimed is : 15 . The touch sensitive screen of claim 1 , wherein the 
1 . A touch sensitive screen comprising : conductive micro scale traces have one or more of substan 
an insulating substrate ; 25 tially the same length and line width . 
conductive micro scale traces provided across an area of 16 . The touch sensitive screen of claim 1 , wherein the 

the substrate ; and conductive micro scale traces are provided on the substrate 
a layer of conductive material patterned to form elec - in the area and covered with the conductive material . 

trodes for touch sensing , the conductive material of 17 . A process for producing conductive electrodes , com 
each electrode contacting a plurality of the conductive 30 prising the steps of : 
micro scale traces , the conductive micro scale traces printing conductive micro scale traces onto a substrate ; 
provided across the area of the substrate being between and 
the substrate and the layer of conductive material printing a conductive material over the substrate and the 
patterned to form electrodes for touch sensing , conductive micro scale traces in a pattern to form the 

wherein : 35 conductive electrodes , the conductive material of each 
the conductive micro scale traces are more conductive electrode contacting a plurality of the conductive micro 

than the conductive material ; scale traces , the conductive micro scale traces provided 
the conductive micro scale traces have a length less across the area of the substrate being between the 

than a gap between adjacent electrodes ; and substrate and the layer of conductive material patterned 
one or more of the conductive micro scale traces 40 to form electrodes for touch sensing , 

extends from the conductive material of one of the wherein : 
adjacent electrodes into the gap between the adjacent the conductive micro scale traces are more conductive 
electrodes . than the conductive material ; and 

2 . The touch sensitive screen of claim 1 , further compris the conductive micro scale traces have a length less 
ing : 45 than a gap between adjacent electrodes ; and 

a second insulating substrate provided adjacent the layer one or more of the conductive micro scale traces 
of conductive material ; extends from the conductive material of one of the 

second conductive micro scale traces provided across an adjacent electrodes into the gap between the adjacent 
area of the second substrate ; and electrodes . 

a second layer of conductive material , wherein the second 50 18 . The process of claim 17 , wherein the conductive 
layer of conductive material is patterned to form second micro scale traces are provided across the entire area of the 
electrodes and the conductive material of each second substrate . 
electrode contacts a plurality of the second conductive 19 . The process of claim 17 , wherein the conductive 
micro scale traces . micro scale traces are provided in a predetermined pattern 

3 . The touch sensitive screen of claim 1 , wherein the 55 on the substrate . 
conductive micro scale traces are aligned in the direction of 20 . The process of claim 17 , wherein the conductive 
the electrodes . material is provided in a predetermined pattern of first 

4 . The touch sensitive screen of claim 1 , wherein the electrodes and second electrodes across the substrate . 
conductive micro scale traces do not contact one another . 21 . A process for producing conductive electrodes , com 

5 . The touch sensitive screen of claim 1 , wherein the 60 prising the steps of : 
conductive material comprises an optically clear conductive printing a conductive material over a substrate in a pattern 
material . for the electrodes ; and 

6 . The touch sensitive screen of claim 1 , wherein the printing conductive micro scale traces over the substrate , 
conductive material comprises a conductive polymer . including a plurality of the micro scale traces on the 

7 . The touch sensitive screen of claim 6 , wherein the 65 conductive material for each of the electrodes , wherein : 
conductive polymer comprises Poly ( 3 , 4 - ethylenedioxythio the conductive micro scale traces are more conductive 
phene ) ( PEDOT ) . than the conductive material ; 



US 10 , 306 , 758 B2 

the conductive micro scale traces have a length less 
than a gap between adjacent electrodes ; and 

one or more of the conductive micro scale traces 
extends from the conductive material of one of the 
adjacent electrodes into the gap between the adjacent 5 
electrodes . 


